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ADVERTISEMENT, 

As  this  book  is  recommended  by  Dr 
Black,  to  the  Students  attending  his 
clafs,  the  Editor  has  endeavoured  to 
render  this  edition  more  ufeful  to  them 
by  inferting  fome  notes,  and  by  adding, 
in  the  appendix,  fome  tables  of  the  feales 
of  heat,  which  the  Do&or  ufually  exhi- 
bits and  explains  in  his  courfe. 
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S^ui  vel  caloris  vires,  iff  calorem  ipfum  veluti  in  gra- 
dus  partiri,  vel  materia  cui  inditus  eft  copiam 

quantitatemque  dijiincle  percipere,  & c. Uti- 

nam  id  alii  iff  perfpicaciori  preediti  ingettio,  iff 
quibus  in  Jumma  tranquillitate  rerum  naturam 
perfcrutari  licuerit  ajfequantur  ; ut  homines  non 
omnium  modo  /dentes,' fed  omnium  fere  potentes 
jiant. 


Bernardinus  Telesiu 


St.  Andrews,  Aug.  1738. 


SOME 

OBSERVATION  S 

AND 

REFLECTIONS 

CONCERNING  THE 

CONSTRUCTION  AND  GRADUATION 

OF 

THERMOMETERS. 


WE  cannot  enough  commend  and  admire 
that  excellent  invention  of  Thermome- 
ters, whereby  we  are  enabled  to  make 
fome  judgement  of  the  various  degrees  of  heat  in 
bodies.  It  is  not  our  bufinefs  at  prefent  to  deter- 
mine to  whom  we  owe  that  noble  and  ufeful  dif- 
covery  ; whether  to  Sandlorio,  to  Galileo,  to  Fa- 
ther Paul,  or  to  Drebbel : for  I find  it  aferibed  to 
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nil  thefe  by  their  refpeflive  favourers  and  admirers*. 
At  firll,  as  is  the  fate  of  all  other  inventions, 
Thermometers  were  but  rude  and  imperfedl  ma- 
chines, and  not  eafdy  to  be  applied  to  fo  many  pur- 
pofes  as  came  afterwards  to  be  in  ufe.  They  were 
very  clumfy  5 and,  as  the  various  degrees  of  heat 
were  pointed  by  the  different  contraction  or  expan- 
fion  of  air,  they  came  afterwards  to  be  found  un- 
certain, and  fometimes  deceiving  meafures  of  heat ; 

as 

r * The  invention  is  given,  to  Drebbel  by  his  coun- 
trymen Boerhaave  (Chem.  I.  152,  156.)  and  Muf- 
fchenbroek  (Tent.  Exp.  Acad.  Cim.  Add.  p.  8.  E1C 
de  Phyf  $ 946).  Fulgenzio  (Life  of  Father  Paul, 
p-  m 158.)  afcribes  it  to  his  mailer  Father  Paul  Sarpi, 
that  great  oracle  of  the  republic  of  Venice.  But 
there  was  an  humour  prevailed,  in  thofe  days  of  fa- 
thering almoll  all  the  curious  difcoveries  of  the  age 
on  that  great  datefman  and  virtuofo.  Vincenzio  Vi- 
viani  (Vit.  Galil.  p.  67.  See  too  Oper.  di  Ga- 
lil,  Pref.  p-  47  ) fpcaks  of  Galileo  as  the  inventor  of 
Thermometers.  But  we  know  how  much  and  how 
fondly  he  adored  the  memory  of  his  great  mailer. 
(See  Hill.  Acad-  des  Scien.  1703,  p 169,  175,  176, 
l8e).  Still  all  thefe  are  pollhumous  claims,  and  they 
too  imputed  by  others.  But  Sandlorio  himfelf  (Com, 
in  Galen.  Art.  Med.  p.  7 3 (31,  842.  Com.  in  Avicen. 
Can  Fen.  I p.  22,  78,  219.)  exprefsly  affumes  the  in- 
vention in  queftion.  And  Borelli  (de  Mot  Animal. 
II.  Prop  175  ) and  Malpighi  (Oper.  Polth.  p.  30) 
afcribe  it  to  him  without  referve.  And  thefe  Floren- 
tine academicians  are  not  to  be  fufpedled  of  partiality 
in  favour  of  one  of  the  Patavinian  fchool. 
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as  the  bulk  of  air  was  affe&ed  not  only  by  the  dif- 
ference of  the  heat,  but  like  wife  by  the  difference 
of  the  weight  of  the  atmofphere  *. 

\ 

2.  f Ferdinand  II.  great  duke  of  Tufcany,  or  the 
gentlemen  of  the  Academia  de  l'  Cimento  under  his 
protection,  made  a very  great  improvement  on 
thofe  curious  and  ufeful  machines.  They  made 
them  with  fpirits  inclofed  in  glafs  tubes,  and  thefe 
hermetically  fealed.  So  that  they  could  l'uffer  no- 
thing by  the  evaporation  of  liquor,  or  the  various 
gravity  of  the  incumbent  atmofphere.  And  it  was 
Thermometers  made  in  this  way  which  were  firff 
introduced  into  England  by  Mr.  Boyle  ^1,  and  came 

•immediately  to  be  of  univerfal  ufe  among  the  vir- 
tuofi  in  all  the  feveral  countries,  wherever  polite 
learning  and  philofophy  were  cultivated, 

3.  But  there  was  not  fo  much  ufe  made  of  thofe 
inltruments  as  they  were  capable  of.  We  have 
plenty  of  obfervations  made  with  particular  Ther- 
mometers at  different  times  and  places.  But  then 
thefe  were  not  conftructed  by  any  fixed  fcale  or 
ftandard.  Even  the  Florentine  Weather-glaffes 
themfelves,  whofe  higheft  term  was  adjufted  to  the 
great  fun-fhine  heats  of  that  country,  were  too 
vague  and  indetermined:  and  in  other  places  every 
workman  made  them  according  to  his  own  way 
and  fancy,  without  adjufting  his  numbers  to  any 

A 3 known 

* Boyle  Exp.  on  Cold,  Abr.  I.  p.  577,  fcfc.. 

F Vivian.  Vit,  Galil.  p.  67. 

F Exp.  on  Cold,  Abr.  I.  p.  582. 
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known  or  determined  degrees  of  heat.  And  fo 
they  could  not  be  compared  one  with  another;  nor 
could  the  obfervations  made  by  different  perfons, 
and  in  different  parts  of  the  world,  be  collated 
with  any  degree  of  certainty  or  juftnefs.  By  which 
means,  notwithftanding  all  the  very  numerous  re- 
gifters  of  the  weather  that  have  been  kept  and  pub- 
lifhed  by  different  authors,  we  are  ftill  at  a lofs  to 
determine  the  comparative  differences  of  heat  and 
cold  in  different  countries  and  climates,  and  the 
refult  of  many  other  obfervations. 

4.  Had  all.  the  Weather- glaffes  in  the  world  been 
made  according  to  one  determined  fcale,  thefe  in- 
conveniencies  and  uncertainties  would  have  been 
prevented;  which  are  now  unavoidable,  and  muff 
ftill  continue  fo,  until  every  body  agree  to  gradu- 
ate their  Thermometers  in  the  fame  way,  or  at 
leaft  determine  fome  fixed  or  unalterable  points  of 
heat,  to  which  all  the  different  feales  of  thofe  in- 
ftruments  may  be  reduced. 

5.  The  great  and  truly  honourable  Mr.  Boyle  * 
found  himfelf  very  much  at  a lofs  for  a ftandard, 
whereby  to  meafure  heat  and  cold : the  common 
inftruments  {hewing  him  no  more  than  the  relative 
coldnefs  or  heat  of  things,  but  leaving  him  in  the 
dark  as  to  their  pofitive  degrees.  Whence  he  could 
not  communicate  the  idea  of  any  fuch  degree  to 

another 


* Exp.  on  Cold,  Abr.  I.  p.  579. 
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another  perfon.  Thermometers  were  then  fuch  in- 
definite and  variable  things,  that  it  feemed  morally 
impofiible  from  them  to  fettle  fuch  a meafure  of 
heat  and  cold,  as  we  have  of  time,  didance,  weight, 
&c.  there  having  been  then  no  method  thought  upon 
to  compare  together  any  two  different  Thermome- 
ters ; or  the  obfervations  made  by  them.  Now  as 
bodies  are  varioufly  affeCted  by  various  heats,  regu- 
larly undergoing  fuch  and  fuch  changes,  at  fuch  and 
fuch  degrees  of  it,  fo  the  faired  way  to  fix  a fhandard 
method  of  adjuding  Thermometers  would  feem  to 
be  from  fome  remarkable  change  a body  under- 
went by  the  application  of  a certain  degree  of  heat 
to  it.  In  confequence  of  which,  Mr.  Boyle  propofed 
the  freezing  of  the  eflential  oil  of  anifeeds  as  a 
term  of  heat  and  cold  that  might  be  of  ufe  in  mak- 
ing and  judging  of  Thermometers  ; and  fo  to  gra- 
duate them  from  this  point  according  to  the  pro- 
portional dilatations  or  contractions  of  the  includ- 
ed fpirits.  He  mentioned,  too,  the  coldnefs  requi- 
fite  to  begin  the  congelation  of  diddled  water  as 
another  fixed  term  that  might  be  propofed  ; for  he 
was  perfuaded  that  among  the  ordinary  waters 
fome  were  apt  to  freeze  more  eafily  than  others. 
But  the  objections  which  he  apprehended  might 
be  made  to  this  method  feared  him  fo  much,  that 
he  profecuted  no  farther  this  confideration  of  fix- 
ing a dandard  for  making  and  graduating  Thermo- 
meters all  in  the  fame  way: — which  it  is  pity 
one  of  his  genius  and  indudry,  and  afiided  with 
fuch  opportunities,  did  not  carry  father j as  it  is 

of 
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of  fuch  importance  on  a thoufand  occafions  in  the 
hiftory  and  philofophy  of  Nature. 

6.  The  ingenious  and  acute  Dr.  Halley  * was 
likewife  very  fenfible  of  the  bad  effedls  of  that  in- 
definite way  of  conftru&ing  I hermometers  ; and 
wifhed  to  have  them  adjulted  to  fome  determined 
points.  He,  with  Mr.  Boyle,  lays  afide  the  freez- 
ing of  liquois,  as  being,  in  his  opinion,  points  of 
heat  not  fo  jultly  determinable  but  with  a confider- 
able  latitude.  And  what  he  fhews  the  greateft 
fondnefs  for,  is  the  degree  of  temperature ; fuch  as 
in  places  deep  under  ground,  where  the  heat  in  the 
fummer,  or  cold  in  winter  have  been  found  to  have 
no  manner  of  influence.  Thus  in  a cave  cut  ftrait 
into  the  bottom  of  a clift  fronting  the  fea  to  the 
depth  of  130  feet,  with  80  feet  of  earth  above  it, 
Mr.  Boyle  f found  the  fpirit  in  the  Thermometer 
to  be  raifed  to  the  fame  height  both  in  fummer  and 
winter.  And  Meffirs.  Mariotte,  De  la  Hire,  and 
Maraldi  allure  us,  that  in  the  cave  under  the  royal 
obfervatory  at  Paris,  the  heat  continues  always  the 
fame,  fearcely  altered  by  the  moll  fultry  fummer 
heats,  or  bittereft  colds  of  that  country. 

But,  with  Dr.  Halley’s  leave,  this  degree  of  tetri'- 
pcrature  I do  not  think  a very  convenient  term  for 
an  univerfal  conftru&ion  of  Thermometers.  Every 
body  cannot  go  to  Mr,  Boyle’s  grotto  : and  it  is 


* Phil.  Tranf.  Abr.  II.  p.  36. 

^ Mem.  Hid.  of  the  Air,  Abr.  III.  p*  54' 
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but  few  who  can  have  an  opportunity  of  making 
obfervations,  and  adjufting  Thermometers  in  the 
cave  of  the  Parifian  obfervatory.  And  we  are  not 
fure  that  other  deep  pits  would  coincide  precifely 
with  the  temperature  of  thefe  places.  The  diffe- 
rence of  foils  and  different  depths  might  occafion 
a confiderable  variation. 

7.  Another  term  of  heat  Dr.  Halley  # thought 
might  be  of  ufe  in  a general  graduation  of  Ther- 
mometers, is  that  of  boiling  fpirit  of  mine.  “ Only 
“ it  mud  be  obferved,  that  the  fpirit  of  wine  ufed 
“ to  this  purpofe,  be  highly  rectified ; forotherwife 
**  the  differing  goodnefs  of  the  fpirit  will  occafion 
“ it  to  boil  fooner  or  later,  and  thereby  pervert  the 
“ defigned  exa&nefs.”  He  obje&s,  too,  its  great 
aptnefs  to  evaporate,  and  that  in  length  of  time 
it  becomes,  as  it  were,  effete,  and  lofes  gradually 
a part  of  its  expanfive  power.  But  truly  this  laft 
mentioned  difficulty,  though  repeated  after  Dr. 
Halley  by  feveral  others,  and  commonly  pretty 
much  infilled  on,  would  feem  to  be  of  no  great 
weight.  Well  rectified  fpirit  of  wine,  if  fealed  up 
in  a glafs,  is  pretty  unalterable.  It  cannot  evapo- 
rate: and  by  many  years  experience  its  force  of  ex- 
panfion  has  continued  the  fame ; as,  befide  other 
obfervations,  we  know  efpecially  from  the  annual 
regifters  of  Mr.  De  la  Hire’s  fpirit  Thermometer^ 

that 


* Phil.  Tranf.  Abr.  II.  p.  35. 
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that  has  been  kept  in  the  obfervatory  above  theft; 
threefcore  years  by-paft. 


8.  But  a much  more  convenient  term  of  heat, 
though  lefs  infilled  on  by  Dr.  Hafley,  is  that  of 
boiling  water.  This  he  found  * to  be  a very  fixed 
and  iettled  degree  of  heat ; and  which,  v/h  en  once 
water  has  acquired  it,  cannot  be  increafed  by  any 
longer  continuance  or  length  of  time.  And  this 
point  of  heat  Sir  Ifaac  Newton  and  Mr.  Amontons 
were  juftly  very  fond  of  in  fettling  the  limits  of 
their  refpe&ive  Thermometers  : wherein  too  they 
have  been  imitated  by  all  thofe  that  came  after 
them. 

9.  Though  I could  fcarcely  find  any  fenfible  dif- 
ference in  various  waters,  differing  confiderably 
in  weight,  faltnefs,  cleannefs,  is’c.  fo  as  that  Mr. 
Taglini’s  objections  againll  the  fixednefs  of  this 
point  are  of  no  force  ; yet  truly  this  heat  of  boiling 
•water  is  not  at  all  times  and  places  fo  abfolutely 
fixed  and  invariable,  as  moft  people  are  ready  to 
conclude  from  Dr.  Halley’s  and  Mr.  Amontons's 
obfervations.  The  fixednefs  or  volatility  of  water 
depends  very  much  not  only  on  the  cohefion  of  its 
particles,  but  alfo  on  the  preffure  of  the  incumbent 

atmofphere  : 

* Phil.  Tranf.  Abr.  II.  p.  34.  See,  too,  Amontons 
in  Mem.  Acad.  Sc.  1699,  p.  15C.  1702,  p.  210. 

f See  Mem.  Acad.  Sc.  1730,  p.  714. 
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atmofphere : * for,  in  a veilel  much  exhaufted  of 
air,  water  and  other  liquors,  being  freed  of  moil  of 
the  ordinary  prelfure  they  undergo,  boil  in  a very 
moderate  degree  of  warmth,  much  below  what  in 
the  open  air  is  ufually  requifite  to  fet  them  a boil- 
ing. And,  agreeable  hereto,  Fahrenheit  actually 
found  f,  that  water  was  capable  of  a greater  or  lefs 
degree  of  heat  in  boiling,  according  to  the  greater 
or  lefs  weight  of  the  atmofphere,  or  the  greater  or 
lefs  height  of  the  mercury  in  the  barometer.  But 
in  ordinary  changes  of  the  weather,  the  difference 
is  not  very  great  And  farther,  we  may  avoid  all 
errors  that  might  arife  from  any  thing  of  that  fort, 
if  we  make  our  obfervations  on  the  heat  of  boiling 
water,  and  adjufl  this  term  of  heat  at  a middle 

Bate 

* See  Boyle  Phvfico.  Mech.  !Exp.  Abr.  II.  p.  472? 
474.  Newton.  Opt.  p.  318. 

■f  Phil-  Tranf.  Abr.  VI.  2.  p.  18.  Boerh.  Chem.  I. 
p.  171. 

t Js  not  great  as  Dr.  Boerhaave,  (Cher*.  I.  p; 
171.)  in  giving  an-  account  of  Fahrenheit’s  obferva- 
tions,  reckoned.  In  an  alteration  of  3 inches  in  the 
height  of  the  mercury  in  the  barometer,  he  fays,  the 
boiling  heat  is  found  to  differ  8 or  9 degrees.  I did 
not  find  it  fo  very  much  by  the  different  weights  of  the 
atmofphere.  From  the  experiments  I have  made  I 
judge  that,  by  the  rife  or  fall  of  the  quickfilter  an  inch 
in  the  barometer,  the  boiling  heat  of  water  varieth 
fomewhat  lefs  than  2 degrees. 
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ftate  of  the  atmofphere  in  places  near  the  level  of 
the  fea,  when  the  mercury  in  the  barometer  Hands 
at  about  30  inches,  or  a very  little  under  it.  And 
the  fame  caution  will  be  neceflary  in  judging  of 
the  heat  of  boiling  fpirit  of  wine,  or  of  the  boiling 
heat  of  any  other  liquor. 

io.  It  was  on  this  principle  chiefly  of  the  deter- 
mined fixednefs  of  the  heat  of  boiling  water,  that 
Mr.  Amontons  * contrived  his  univerfal  Thermo- 
meter. It  was  indeed  a pretty  contrivance  : but  it 
never  was,  nor  never  could  be,  of  univerfal  ufe ; 
nor  could  it  anfwer  the  defign  of  its  ingenious  au- 
thor. Its  conftru&ion  is  too  difficult  and  complex; 
the  machine  itfelf  is  too  bulky  and  incumbered  to 
be  eafily  managed,  or  carried  from  place  to  place. 
And  then  it  is  fuppofed  to  be  fitted  at  a due  tempe- 
rature of  the  air,  as  in  the  fpring  and  autumn  at 
Paris  : which,  befide  that  it  is  in  itfelf  fomething 
too  indefinite,  at  other  times  and  places  we  cannot 
well  be  fure  of.  And  the  air  of  that  temperature 
he  reckoned  to  be  dilated  juft  one  third  by  the  heat 
of  boiling  water.  But  the  dilatation  of  the  air  is 
not  fo  regularly  proportional  to  its  heat ; nor  is  its 
dilatation  by  a given  heat  near  fo  uniform  as  he 
all  along  fuppofed.  This  depends  much'  on  its 
moifture  : f for  dry  air  does  not  expand  near  fo 

much 

* Mem.  Acad.  Sc.  1702,  p,  204,  SsV. 

f See  Hift.  Acad.  Sc.  i7o8,p.  15.  Mem.  p.  37©. 
MufTchenbr.  Tent.  Exp.  Acad.  Cim.  Add.  p.  40.  EfF. 
de  Phyf.  § 1402. 
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much  by  a given  heat,  as  air  ftored  with  vvatry 
particles ; which,  by  being  turned  into  fleam,  in- 
creafe  vaftly  the  feeming  volume  of  the  air.  So 
then  as  Mr.  Amonton’s  Thermometer  is  affeCted 
by  all  thefe  and  other  inconveniences*,  it  is  no 
wonder  it  was  imitated  by  very  few,  and  never 
came  to  be  of  general  ufe  in  the  world. 

11.  From  this  one  determined  point  of  the  heat 
of  boiling  water  there  may,  however,  be  laid  down  a 
general  method  of  conflruCting  Thermometers  all 
in  the  fame  way,  fo  as  that  they  {hall  correfpond 
with  one  another  in  all  the  various  degrees  of  heat. 
It  is,  as  Mr.  Boyle  f propofed  long  ago,  by  mark- 
ing the  degree  of  expanfion  or  contraction  of  the 
fluid  of  the  Thermometers,  as  the  heatjapplied  is 
either  greater  or  lefs  than  that  of  boiling  water . 
Suppofing,  for  example,  the  whole  volume  of  this 
fluid  to  confift  of  10,000  parts,  it  is  to  mark  on  the 
tube,  where  that  volume  is  expanded  by  heat,  or 
contracted  by  cold,  1,  2,  3,  4,  & c.  of  thefe  parts. 
All  which  may  be  done  at  any  time  by  different 
perfons  and  in  different  places,  fo  as  that  they  {hall 
anfwer  precifely  to  one  another. 

12.  This  is  a very  plaufible  method,  and  has  been 
actually  tried  by  fome,  as  we  lhall  afterwards  have 

B occafion 

* See  Mr.  de  Reamur  in  Mem.  Acad.  Sc.  1730. 
p.  654. 

f Exp.  on  Cold,  Abr.  I.  p.  579. 
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occafion  to  fee : and  yet  In  pra&ice  it  will  not  be 
found  very  eafy  to  determine  exaftly  all  the  divi- 
iions  from  the  alteration  of  the  bulk  of  the  fluid; 
befide  other  unavoidable  inconveniences  and  un- 
certainties we  thall  by  and  by  have  occafion  to  take 
notice  of.  It  is  fufficient,  and  will  be  much  eafler 
and  more  convenient,  in  fettling  an  univerfal  me- 
thod of  conftru&ing  Thermometers,  to  determine 
at  leafl  two  fixed  points  of  heat  at  a confidcrable 
difiance  the  one  from  the  other,  and  to  divide  on 
the  tube  or  fcale  the  intermediate  fpace  into  any 
convenient  number  of  equal  parts  or  degrees.  Boil- 
ing watery  in  the  circumflances  we  propofed,  we 
juft;  now  found  to  be  a pretty  uniform  and  fixed 
degree  of  heat.  And  water  juft  freezwgy  if  that 
come  out  always  the  fame,  will  anfwer  the  purpofe 
inofi  readily  of  any  degree  we  could  think  of. 

13.  It  is  true,  Dr  Halley  * thought  this  to  be  a 
point  admitting  a confiderable  latitude.  And  fome 
have  fufpedted  that  water  freezes  at  different  de- 
grees of  heat  in  different  feafons,  countries  and 
climates.  And  Dr  Cyrilli’s  obfervations  f would 
feem  to  confirm  it.  At  Naples  he  found  water  to 
freeze  when  his  Thermometer  was  10  degrees  above 
the  freezing  point,  as  it  had  been  conftruffed  in 

England 


* Phil.  Tranf.  Abr.  II.  p.  36. 

ft  Phil.  Tranf.  No.  424,  p.  336.  No.  430,  p.  189. 
No.  434,  p.  407,  4C8.  No.  435,  p.  464- 
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England  by  the  directions  of  the  Royal  Society  ; 
and  Father  Martini  * talks  of  the  frofts  in  the 
province  of  Pekin  in  China  as  greater  than  its  lati- 
tude of  42  degrees  would  induce  one  to  expert,  the 
rivers  being  often  frozen  for  two  months  together, 
tefc.  And  adds,  that  it  is  furprifing  the  Europeans 
iliould  remain  unafferted  by  this  cold,  and  flight 
it  as  unable  to  produce  ice  in  their  quarter  of  the 
world.  From  all  which  one  might  be  ready  to  con- 
clude, with  Dr  Derham  f,  Prof.  MufTchenbroek  t, 
and  others,  that  the  farther  north  we  go,  it  takes 
the  greater  degree  of  cold  to  freeze  water.  And 
what  might  flrengthen  fuch  a fufpicion  is,  that  I 
found  fome  of  the  Dutch  mercurial  Thermometers 
made  at  Amfterdam,  in  which  the  freezing  point 
was  marked  at  gr.  32,  to  be  a degree  or  two  lower 
here  when  immerfed  in  thawing  fnow  or  beaten 
ice  beginning  to  melt. 

j 4.  But  I am  convinced  all  this  Teeming  difference 
flows  from  the  carelefTnefs  of  obfervers,  or  errors 
of  the  workmen.  Or  what  if  Dr  Cy villi  kept  his 
weather-glafs  fhut  up  and  fheltered  in  a houfe  while 
it  freezed  abroad  ? As  I know  it  is  but  too  ordinary 
with  thofe  who  pretend  to  keep  regiflers  of  the  wea- 
ther. To  fatisfy  my  ltd  f in  this  article,  I took  a vary 

B 2 fair 

* Atlas  Sinenf.  p.  27.  See  too,  Boyle’s  Exp.  on 
Cold,  Abr.  I.  p.  577.  Reaumur  in  Menu.  Ac.  Sc. 
,734j  P*  233. 


t Phil.  Tranf.  ibid. 
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fair  method  of  inquiring  if  there  was  really  any 
fuch  difference  in  the  cold  of  freezing  water  in  dif- 
ferent climates.  I marked  two  mercurial  Thermo- 
meters here  in  the  latitude  of  56  deg.  20  min.  and 
got  a correfpondent  of  mine  to  mark  fome  others 
at  London  in  the  latitude  of  51  deg.  32  min.  all  at 
the  freezing  point  in  fnow  or  powdered  ice  melt- 
ing : and,  upon  exchanging  thefe  Thermometers, 
we  found  them,  when  again  immerged  in  thawing 
fnow  on  ice,  hill  to  point  at  the  very  fame  marks 
precifely,  withont  the  leaf!  obfervable  difference. 
Were  there  any  odds  occasioned  by  the  difference 
of  climates,  would  not  near  5 degrees  of  latitude 
have  (hewn  it  very  fenfibly  * i And  at  this  fame 
very  mark  docs  the  quickfilver  hand  in  fuch  thaw- 
ing ice  or  fnow  at  all  feafons  of  the  year,  in  fum- 
mer  or  winter,  in  cold  weather  or  warm  weather, 
under  a light  or  a heavy'atmofphere,  Zsfc.  From 
whence  I conclude  the  freezing  point  to  be  a very 
conhant  and  fettled  degree  of  heat,  more  fixed  and 
determined  than  even  that  of  boiling  watery  and 

confequently 

* The  univerfality  and  fixednefs  of  the  term  of  con- 
gelation I can  now  affirm  with  {till  greater  confidence 
and  certainty  after  the  trials  I lately  made,  not  only 
at  London,  but  at  Paris  in  the  latitude  of  48  deg.  50 
min.  and  Dijon  in  the  latitude  47  deg.  20  min.  by 
which  I found  that  precifely  the  fame  degree  of  cold 
was  requifite  to  freeze  water  in  Burgundy  and  in  the 
hie  of  France,  a3  in  ©ur  northern  climates. 
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confequently  very  fit  to  be  one  of  the  fixed  limits 
in  adjufiing  our  Thermometers. 

15.  The  fixednefs  then  of  the  freezing  point,  I 
think  we  may  take  for  granted,  and  fufficiently 
eftablifhed  by  thefe  obfervations,  notw  ithftanding 
what  ProfelTor  Taglini  may  have  faid  to  the  con- 
trary ; and  the  unneceflary  concefiions  Mr.  De 
Reaumur  thought  fit  to  make  on  that  head  * ; and 
the  obfervations  adduced  by  Dr.  Mufichenbroek  f , 
by  which  he  would  prove  the  freezing  of  water  to 
begin  in  various  degrees  of  cold,  depending  on 
fome  faline  additional  mixture  from  the  air.  All 
which  may  be  allowed  to  fhew,  that  in  fome  places 
and  circumftances  water  freezes  more  or  lefs  eafi- 
ly,  though  the  degree  of  cold  in  this  adt  of  natu- 
ralfreezing be,  for  any  thing  we  can  perceive,  in 
all  pretty  nearly  the  fame. 

16.  The  cold  of  water  beginning  to  freeze , or 
which  is  the  fame  thing  of  ice  beginning  to  melt , 
is  fuch  a convenient  fixed  point,  fuch  a remarkable 
period  of  heat  and  cold,  and  withal  fo  eafily  de- 
termined by  emerging  the  bulb  of  the  Thermome- 
ter in  thawing  fnow  or  ice,  that  it  is  furprifing  fo 
few  have  taken  it  into  the  fcale  of  their  Thermo- 
meters, that  theirs  might  be  the  better  compared 

B 3 wdth 

* Mem.  Acad.  Sc.  173c,  p.  712. 

f Tent.  Acad.  Cim.  Add.  p.  184,  1 85.  ElT.de 
Phyf.  ^ 913* 
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with  other  peoples  obfervations.  We  are  not  ah- 
folutely  Cure  even  of  this  part  of  the  fcalc  of  the 
Florentine  weather- glafl’es.  And  the  French  have 
not  yet  precii'ely  determined  the  freezing  point  in 
Mr.  De  la  Hire’s  ftandard  Thermometer  of  the 
Oblervatory,  by  which  the  regifter  of  the  weather 
has  been  fo  very  long  kept,  and  urith  which  they 
fometimes  compare  other  obfervations : and  mod 
of  the  ocher  obfervations  of  the  weather,  both  in 
the  Memoirs  of  the  Academy  of  Sciences  and  in 
the  Tranfaclions  of  the  Royal  Society,  are  done 
with  Thermometers  fo  negligently  conilructed,  that 
we  are  left  altogether  uncertain  of  their  degrees  of 
heat : mod  of  thofe  that  have  the  freezing  point 
marked  on  them  having  it  very  erroneoufly  gra- 
duated, and  alfo  having  no  other  determined  or 
known  period  of  heat ; and  fo  coming  to  be  as  in- 
definite and  uncertain  as  the  other. 

17.  The  great  Sir  Ifaac  Newton  thought  the  fet- 
tling the  degrees  of  heat  and  cold  well  worth  his 
notice;  and,  as  he  carried  every  thing  he  meddled 
with  beyond  what  any  body  had  done  before  him, 
and  generally  with  a greater  than  ordinary  exadl- 
nefs  and  precifion,  fo  he  * kid  down  a method  of 
adjufting  Thermometers  in  a more  definite  way  than 
had  been  done  hitherto.  We  have  already  f found 

it 

* Phil.  Tranf,  Abr.  IV.  2.  p.  S3*-* 

t § 
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it  neceflary,  at  leaft  convenient,  to  fix  on  two  de- 
termined periods  of  heat  to  make  up  an  intelligible 
fcale  of  its  various  degrees.  We  have  like  wife  * 
found  water  freezing  and  water  boiling  to  be  in 
twopoints  of  heat  very  convenient  to  l'uch  a pur- 
pofe.  And  thefe  are  the  very  degrees  of  heat  he 
pitched  upon.  The  liquor  he  ufed  was  Lintfeed 
Oil,  a homogeneous  fluid  enough,  and  capable  of 
a confiderable  rarefadtion,  and.  not  having  been  ob- 
ferved  to  freeze  even  in  very  great  colds,  and  able 
to  bear  a great  heat  without  boiling.  Suppofing 
the  bulb  when  immerged  in  thawing /now  to  con- 
tain 10,000  parts,  he  found  the  oil  expanded  by  the 
heat  of  the  human  body  fo  as  to  to  take  up  more 
fpace,  or  10,256  fuch  parts:  and  by  the  heat  of 
water  boiling  ftrongly  1 0,725  ; and  by  the  heat  of 
melting  tin  11,516,  beyond  which  he  did  not  carry 
his  oil  Thermometer.  So  that,  reckoning  the 
freezing  point  as  a common  limit  between  heat  and 
cold,  he  began  his  fcale  there,  marking  it  gr.  o ; 
and  the  heat  of  the  human  body  he  made  gr.  1 2 ; 
and  confequently  the  heat  of  boiling  water  was  ex- 
preffed  by  gr.  34  = 7~~ } and  melting  tin  by 
ir-  7i- 


28.  I wifh  the  world  -would  have  received  this  or 
any  other  determined  fcale  for  adjufting  their  Ther- 
mometers. But  I fuppofe  they  might  be  apprehen- 

five 
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five  of  fome  inconveniences  in  this  fcheme.  Befides 
fome  inconfiderable  arithmetical  errors  in  Sir 
Ifaac’s  paper,  and  fome  few  not  accurately  enough 
made  obfervations  of  no  great  moment,  they  would 
allege  * that  he  had  exprelfed  himfelf  as  if  he  had 
thought  the  point  of freezing  ’water  to  be  the  low- 
ed degree  of  heat.  And  indeed  he  has  not  men- 
tioned any  winter  cold  beyond  that : though,  as  we 
lhall  take  notice  on  another  occafion,  we  fometimes 
experience  A&ftly  intenfer  colds  : in  confequence  of 
which,  it  would  be  eafy  to  protratt  Sir  Ifaac’s  fcale 
downward  below  gr.  o,  or  the  freezing  point,  and 
fo  to  make  it  as  ferviceable  in  common  ufe,  even 
for  great  degrees  of  cold,  as  other  Thermometers. 

But  there  is  another  difficulty  which  will  hold  in 
all  oil  Thermometers,  or  any  made  with  a vifcid 
liquor,  that  it  adheres  too  much  to  the  fides  of  the 
tube.  In  a fudden  cold  or  fall  of  the  oil,  a good 
deal  flicks  by  the  way,  and  only  finks  gradually 
after,  fo  that  at  firft  the  furface  appears  really 
lower  than  the  prefent  temperature  requires.  And 
befide,  as  at  all  times  fome  mull  continue  to  flick 
and  maiflen  the  infide  of  the  tube,  in  different  de- 
grees of  heat  and  cokl,  the  oil  becoming  alternate- 
ly more  or  lefs  vifcid,  will  adhere  fometimes  more 
and  fometimes  lefs ; and  therefore  will  inevitably 
diflurb  the  regulatity  and  uniformity  of  the  Ther- 
mometer. 

19.  The 


* See  Amontons  in  Mem.  Acad.  Sc.  1703,  p.  233. 
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ig.  The  Florentin  Thermometers  made  with 
fpirit  of  wine  were  by  no  means  fo  liable  to  errors 
of  this  kind.  The  fpirit  indeed  mutt  moiflen  the 
infide  of  the  tube  : but  as  this  is  fo  very  thin  a li- 
quor, it  is  probable  that  moiftening  is  always  pretty- 
uniform,  and  extremely  thin  : fo  as  that  it  can 
have  no  other  effeft  but  to  render  the  tube  a very 
little  narrower.  And  fo  truly  re&ified  fpirit  of  wine 
has  been  more  ufed  in  Thermometers  than  any 
other  liquor.  It  is  very  ticklifh,  is  eafily  and  very 
much  affedted  by  heat  and  cold  ; nor  does  it  foon 
gather  air  bubbles,  as  watry  fluids  are  ready  to  do 
even  in  no  very  great  heats.  But,  as  we  faid  before*, 
thefe  fpirit  Thermometers  did  not  ufe  to  be  redu- 
ced to  a fixed  flandard.  At  length  Mr-  De  Reau- 
mur f has  in  a very  ingenious  way  attempted  to  efia- 
blifh  a general  conflrudlion  of  fuch  Thermometers, 
which  might  be  copied  at  all  times,  and  in  all  coun- 
tries : and  fo  to  fettle,  as  it  were,  a general  cor- 
refpondence  of  obfervations  that  iliould  be  made 
by  fuch  inflruments.  He  adjufled  his  Thermome- 
ter to  the  freezing  point  by  an  artificial  mixture : 
and  then,  immerging  it  in  boiling  water,  found  how 
much  it  was  dilated  by  that  heat,  in  the  way  Sir 
Il’aac  Newton  had  managed  his  oil  Thermometers. 
The  quantity  of  fpirits  in  his  glafs  he  fuppofed  to 
be  iooo  parts  •,  and  he  found  to  how  many  of  thefe 

parts 

* f 3>  4>  '9- 

f-  Mem.  Acad.  Sc-  1730,  p.  645,  £3 V. 
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parts  the  bulk  of  the  liquor  was  dilated  by  that 
boiling  heat.  The  dronger  the  fpirits,  this  dilata- 
tion is  found  always  the  greater.  The  bed  fpiric 
of  wine  commonly  fold,  from  this  artificial  freezing 
of  water,  to  that  boiling  heat , was  dilated  87  £ of 
thofe  parts* : and  a mixture  of  fuch  a ftrong  fpi- 
rit  and  water  in  equal  portions  (which  would  be 
about  the  date  of  common  brandy)  was  expanded 
only  62^  fuch  parts  *j*.  He  fpealcs  too  of  a fpirit 
fo  drong  as  to  have  the  dilatation  of  90  in  its  boil- 
tig  heat  f But  what  he  judged  mod  convenient 
for  his  ordinary  Thermometers  was  a fpirit  of  fuch 
a degree  of  drength,  as  in  the  above  period  of  heat, 
to  be  dilated  jud  So  of  thefe  1000  parts**. 

20.  This  imitation  of  Sir  Ifaac  Newton  with 
fpirit  of  wine  indead  of  oil  is  a promiling  enough 
method  of  making  a fettled  dandard  fcale  for 
Thermometers;  and  accordingly  one  of  them  con- 
ftrufted  by  Mr  De  Reaumur  himfelf  is  now  placed 
in  the  Royal  Obfervatory  at  Paris ; and  a journal 
kept  of  the  weather  by  it.  And  others  conflrufted 
in  the  fame  way  have  been  fent  to  different  quar- 
ters of  the  world,  to  compare  the  degrees  of  heat 
and  different  climates : a project  long  ago  of  the 
great  Colbert's-}-,  but  never  till  now  fatisfafforily 

executed. 

* Mem.  Acad.  Sc.  1730.  p.  690.  f Ibid.  p.  69 2- 

J Ibid.  1 734,  p.  J 61. 

**  Ibid.  1730.  p.697,  698. and  fig.  8. 

4.  See  Mein.  Acad.  Sc.  1702.  p.  209. 
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executed.  Obfervations  have  been  made  with  them 
in  the  Torrid  Zone.  And  the  French  Academi- 
cians had  them  ih  their  philofophical  embaffy  to  the 
north,  for  determining  the  figure  of  the  earth. 
And  yet  I am  afraid  thefe  Thermometers  are  con- 
ftru&ed  on  principles,  that  will  by  no  means  be 
found  fo  accurate  as  were  to  be  wifhed  and  expect- 
ed in  fuch  a cafe.-  Mr  De  Reaumur  determines 
his  freezing  point,  not  from  thawing  f/ioiv  or  ice,  * 
but  from  an  artificial  congelation  of  water  in  warm 
weather.  And  as  he  f ufes  very  large  bulbs  for 
his  glaffes,  it  may  be  3 or  4 inches  in  diameter,  I 
am  apt  to  think  that,  before  the  due  temperature 
of  the  furrounding  ice  can  be  thoroughly  propa- 
gated to  the  whole  contained  fpirits,  it  will  be  quite 
melted  down  again ; and  fo  the  freezing  point 
marked  much  higher  than  what  it  fliould  be  J; 
He  indeed  f j-  fpeaks  of  a quarter  of  an  hour  as  fuf- 
ficient  to  bring  the  contained  fpirit  to  the  tempera- 
ture of  the  ambient  medium.  But  as  far  as  as  I can 
judge  from  my  obfervations  (and  many  I have  made 

on 

* Mem.  Acad.  Sc.  173®,  p.  655,  656,  680,  6Sr, 
712. 

f Ibid.  p.  660,  710. 

t From  collating  fome  obfervations  together,  I 
reckon  Mr  De  Reaumur’s  mark  of  freezing  water^ 
inllead  of  coinciding  with  Farenheit’s  gr.  32,  as  it 
fhould  do,  to  correlpond  with  gr.  34.  cr  a little  above 
it. 

ft  Ibid.  p.  71 1. 
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on  this  fubjeft),  it  would  rather  take  fome  hours  to 
penetrate  thoroughly  fuch  a great  bulk  of  any  li- 
quor, and  reduce  it  fully  to  its  own  degree  of  heat. 
And  fo  Thermometers  of  great  bulbs  can  never  be 
ufed  with  fuccefs,  or  trufled  to  in  common  expe- 
riments of  the  heat  of  bodies,  or  obfervations  of 
the  weather : as  we  may  be  fatisfied  by  collating 
the  feveral  obfervations  in  the  R.oyal  Obfervatory 
made  with  De  la  Hire’s  and  De  Reaumur’s  Ther- 
mometers, which  at  different  times  I find  to  qua- 
drate very  ill  together,  juft  I fuppofe  from  that  caufe 
of  the  different  fizes  of  their  bulbs*.  For  large 
bulbs  can  never  be  fo  quickly  influenced  by  great 
and  fudden  variations  of  heat  and  cold,  as  to  make 
thefe  changes,  if  they  Iaft  but  a fhort  while,  fuffici- 
ently  remarkable,  or  to  file vv  their  real  and  full 
quantities.  Small  bulbs  and  fmall  tubes  are  (not- 
withflanding  the  imaginary  faults  and  difficulties 
flarted  againfl  them  by  Mr  De  Reaumur  f ) vaflly 
more  convenient,  and  may  be  conflrudted  fuffi- 
ciently  accurate.  I have  them  made  with  capillary 
bores  that  correfpond  almofl  entirely  to  one  ano- 
ther in  all  degrees  of  heat ; and  confequently  mud 
be  allowed  to  have  all  the  exaftnefs  that  can  be 
imagined  or  defired  in  fuch  inftruments. 

21.  But 

* The  diameter  of  the  bulb  of  Mr  De  Reaumur’s 
I found  to  be  about  inches ; while  the  other  was 
lefs  than  2 inches. 

•{-  Mem.  Acad.  Sc.  1730.  p.  650,  656,  659. 
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2i.  But  if  we  cannot  trail  to  Mr  De  Reaumur’s 
point  cf  congelation , what  fhall  we  fay  to  his  other 
fixed  term,  to  wit,  the  heat  of  boiling  -water  ? This, 

I humbly  think,  is,  under  his  management,  (till 
more  vague  and  uncertain-  As  water,  were  it  fur- 
rounded  by  melted  tin,  though  it  would  boil  and 
foam  andfuffer  very  great  agitation,  is  yet  incapable 
of  being  warmed  beyond  its  ordinary  great  boiling 
heat,  and  continues  always  much  colder  than  melt- 
ed tin ; jufl  fo,  as  1 experienced  upon  trial,  lpirit 
of  wine,  though  immerged  in  boiling  water,  can 
never  acquire  near  fuch  a great  heat,  but  keeps  al- 
ways a good  deal  under  it,  though  bubbling  and 
foaming,  and  tolled  to  a very  great  degree.  The 
fpirit  then  in  the  Thermometer  is  abfolutely  in- 
capable of  fuch  a great  heat  as  Mr  De  Reau- 
mur aferibed  to  it ; and  that  not  by  a fmall  or 
trifling  difference.  I find  highly  re&ified  fpirit  of 
wine  cannot  be  heated  beyond  gr.  175,  or  fo,  in 
Farenheit’s  Thermometer,  while  boiling  water 
raifeth  the  quicklilver  37  degrees  higher : and 
common  brandy  was  able  to  conceive  a heat  no 
greater  than  about  gr.  190.  So  far  was  Mr  De  , 
Reaumur  in  the  wrong  when  he  thought  that  all 
fpirits,  weak  and  flrong,  immerged  in  boiling  •wa- 
it* received  a given  degree  of  heat,  and  that  equal 
to  the  heat  of  the  furrounding  water.  I fuppofe 
his  ftandard  fpirit  could  take  on  a heat  of  about 
gr.  180  ; lefs  by  32  degrees  than  what  he  reckon- 
ed. 
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2.2.  Befide  all  this,  I truly  think  fpirit  of  wine, 
though  good  enough  for  ordinary  weather-glailes 
in  temperate  climates,  is  yet  not  fo  fit  a fluid 
whereof  to  make  flandard  Thermometers.  It  is 
incapable  of  bearing  very  great  heats,  or  very  great 
colds.  It  boils  fooner  than  any  other  liquor.  And 
though  it  keeps  fluid  in  pretty  ftrong  colds,  yet  it 
would  feem,  from  fome  experiments,  that  it  does 
not  condenfe  very  regularly  in  them  : and  at 
Torneao  near  the  polar  circle,  the  winter  cold  was 
fo  violent,  that  the  fpirits  were  frozen  in  all  their 
Thermometers  # . So  that  the  latitude  of  heat 
fpirit  of  wine  is  capable  of  exprefling,  is  by  much 
too  limited  to  be  of  very  great  or  univerfal  ufe. 

23.  What  fluid  then  fliall  we  take  for  our  Ther- 
mometers ? We  have  found  inconveniences  in  air, 
oil,  and  fpirits  ; and  water  is  more  exceptionable 
than  any  of  them.  We  have,  it  feems,  nothing 
left  but  quicklilver.  This  is  a very  moveable  and 
ticklifh  fluid  ; it  both  heats  and  cools  fafler  than 
any  liquor  we  know,  or  have  had  occafion  to  try ; 
falter  I am  fure  than  water,  oil,  or  even  fpirit  of 
wine ; it  never  freezes  by  any  degree  of  cold  hi- 
therto obferved,  and  bears  a great  deal  of  heat 
before  it  arrives  at  a boiling  expanfion,  and,  if 
well  purified,  does  not  wet  or  flick  to  the  infide  of 

the 

* Sec  de  Maupert.  Fig  dc  la  Terre,  P'  58. 
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the  tube.  Dr  Halley  *,  though  apprifed  but  of 
fome  of  tiiefe  remarkable  properties,  thought  it  a 
fluid  very  fit  for  Thermometers,  were  but  its  ex- 
panfion  more  confiderable.  However,  as  any  in- 
convenience arifing  from  this  confideration  may  be 
avoided  by  making  the  bulb  have  a great  propor- 
tion to  the  tube,  fo  it  is  now  very  defervedly  come 
to  be  in  the  greateft  ufe  in  the  Thermometers  that 
people  would  mod  truft  to.  It  is  laid  f,  that  they 
were  fiilt  contrived  by  that  curious  mathematician 
Olaus  Roemer.  Mr  Fahrenheit  in  Amflerdam, 
and  other  workmen  in  that  country,  manufactured 
very  many  of  them,  and  that  in  a portable  and 
mighty  convenient  form  for  many  purpofes,  making 
th|pi  very  fmall,  and  inclofing  the  tube  in  another 
glafs  hermetically  fealed.  From  Holland  they  were 
dillributed  into  different  quarters  of  the  world 
and  have  been  imitated  in  fume  other  places.  And 
now  they  are  made  no  wherein  greater  perfection 
or  with  greater  exadtnefs,  than  by  our  countryman 
Wilfon  at  London. 

24.  As  Roemer’s  or  Fahrenheit’s  fcale  is  conve- 
nient enough,  I wilh  it  were  univerfatly  kept  and 
ufed,  to  preferve  an  uniformity  in  our  obfervatious  j 
and  lo  that  every  body,  when  they  fpeak  of  expe- 
limems  wherein  the  heat  of  bodies  was  adjufted, 

^ 2 or 

* Phil.  Tranf.  Abr.  II.  p.  3^. 
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or  pretended  to  be  obferved  by  Thermometers, 
were  to  have  the  fame  language;  and  fo  be  uiu- 
verfally  underfiood. 

In  this  Thermometer  the  bulb  is  fuppofed  to  con* 
tain,  as  Dr  Boerhaave  * and  Dr  MufTchen'oroek  | 
tell  us,  1 1 124  parts  of  quickfilver,  which  Hands  at 
the  lowed  mark,  or  gr.  o,  in  a very  intenfe  intole- 
rable cold,  being  furrounded  with  a mixture  of 
fnow  or  beaten  ice  and  fal  ammoniac  or  fea-falt 

If  the  fame  bulb  be  immerged  in  fnow  or  id 
thawing  naturally,  or  in  water  beginning  to  freeze , 
the  quickfilver  is  dilated,  and  fo  riles  in  the  tube 
32  of  thefe  11 124  parts;  and  therefore  the  fpace 
of  the  tube  from  gr.  o to  the  freezing  point  gr.  32, 
its  divided  into  thefe  32  equal  parts  ||. 

When  the  Thermometer  is  placed  in  water 
brought  to  drong  boilings  (the  atmofphere  being  in 
the  condition  formerly  mentioned  **,)  the  quickfd- 
ver  is  dilated  212  of  thefe  parts  beyond  its  original 
bulk  of  1 1 124,  fo  as  now  to  poflefs  in  the  bulb 
and  tube  together  a fpace  equal  to  11336  fuch 
parts:  and  the  fpace  from  gr.  32  to  gr  212,  is  di- 
vided into  1 80  equal  parts  or  degrees  of  the  Ther- 
mometer |f  ; which,  if  the  tube  be  long  enough, 

may 

* Chem.  I p 174.  f Eff.  de  Phyf.  938. 

| Fahrenh.  in  Phil.  Tranf.  Abr.  VI.  2.  p.  52. 
Muflchenbr  Diff.  Phyf.  p 680.  Elf-  de  Phyf  § 948. 

|]  Fahrenh.  in  Phil.  Tranf.  Abr.  VI.  2,  p 52. 
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m,i)'  be  protra&ed  as  far  as  is  convenient.  It  may 
go  well  enough  to  gr.  600,  and  not  much  farther  ■, 
for,  with  a heat  but  little  greater  than  that,  the 
mercury  begins  to  boil. 

25.  Dr  Boerhaave  is  not  always  quite  confident 
with  himfelf  in  his  account  of  the  number  of  parts 
into  which  the  mercury  in  the  bulb  is  fuppofed  to 
be  divided.  In  another  place  *,  infiead  oft  1124, 
he  reckons  only  10782,  and  afterwards  f he  raifes 
it  to  1 1520,  (which  I take  to  be  nearer  the  truth), 
and  yet  dill  fpeaks  of  a given  heat  as  expanding 
the  quickfilver  the  fame  number  of  parts  as  in  the 
other  fupputation.  Which  of  his  fuppofitions  is 
right  I am  not  abfolutely  fure  of  before  making 
trial,  nor  need  we  much  to  care  ; for,  without  all 
that  apparatus,  I humbly  think  the  eafieft  and  furefl 
way  too,  and  what  in  pradice  I have  followed,  is 
not  to  be  folicitous  about  the  bulk  of  the  quickfil- 
ver, but  to  fill  the  bulb  and  tube  fo,.  as  that  in 
freezing  water,  or  melting.  icer  the  mercury  fhall 
ftand  at  a.  convenient  height,  which  muft  be  very 
nicely  marked  gr..  32.  and  then  as  accurately  to 
obferve  where  it  ftands  when  dilated  by  the  heat  of 
boiling  water  to  gr.  212.  The  intermediate  fpace 
is  then  divided  into  180  degrees ; which  fcale  may 
be  protracted  upwards  and  downwards  as  far  as  we 
fhall  judge  convenient.  In  the  conftru&ion  of 

C 3 thefe 

* Chem.  L p.  265. 

t Ibid.  Expl.  Tab  V.  fig  3;. 
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thefe  Thermometers  the  two  great  limiting  or  fixed 
points  being  freezing  water  and  boiling  water  ; 
which  we  found  to  be  the  moft  convenient  periods 
of  heat  for  adjufting  thefe  inftruments. 

2 6.  Indeed  in  all  this  we  have  fuppofed  the  bore 
of  the  tube  to  be  perfectly  cylindrical  *,  which  can- 
not always  be  obtained.  But  though  it  be  taper- 
ing, or  fomewhat  unequal,  it  is  eafy  to  manage 
that  matter,  by  making  a fmall  portion  of  the 
quickfilver,  as  much  for  example,  as  fills  up  a 
half,  or,  if  you  pleafe,  a whole  inch,  Hide  back- 
ward and  forward  in  the  tube  : and  by  this  means 
to  find  the  proportions  of  all  its  inequalities,  and 
from  thence  to  adjuh  your  divifions  to  a fcale  of 
the  moft  perfect  equality. 

27.  The  conceiving  the  bulk  of  the  contained 
mercury  at  the  beginning  of  the  fcale  to  be  either 
107 82,  or  1 1 124,  or  1 1 520,  or,  as  I guefs  it  fltould 
be  near  11790  parts,  and  its  expanlion  from 
thence  by  the  heat  of  boiling  water  to  be  212  of 
thefe  parts,  was,  to  be  fure,  a divifion  originally 
quite  arbitrary.  And  I confefs  there  might  have 
been  a more  convenient  one  fixed  upon  at  firft,  and 
adopted,  yet,  if  this  were  not  now  fo  univerfally 
known  and  ufed ; and  Thermometers  ponftrufted 
in  that  form  every  where  fcattered  up  and  down, 
and  in  the  hands  of  moil  of  the  Virtuofi  in  Eu- 
rope. I fhall  readily  allow  that  Mr  De  V Ifle’s  at 

jpeterfburgh, 
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Peterfburgh,  might  have  had  a greater  look  of  llnv* 
plicity.  * In  his  the  whole  bulk  of  qukktilver, 
when  immerged  in  boiling  water,  is  conceived  to 
be  divided  into  1 oooo,  or  rather  icoooo  parts  ; 
and  from  this  one  fixed  point  the  various  degrees 
of  heat  either  above  or  below  it  are  marked  in  thefe 
parts  on  the  tube  or  fcale,  by  the  various  expanfion 
or  contraffion  of  the  quickfilver  in  all  the  imagin- 
able variety  of  heat.  “ As  pure  mercury,”  fays  he, 
“ is  of  the  fame  nature  every  where,  nor  is  liable 
“ to  any  alteration  from  being  inclofed  in  a tube  ; 
“ and  as  it  is  probable  that,  taking  it  equally  puri- 
“ fied,  it  will  in  different  countries  be  fubjedf  to 
“ the  fame  expanfion,  if  expofed  to  the  fame  de- 
“ gree  of  heat ; for  this  reafon  he  is  perfuaded 
“ thefe  Thermometers  may  very  well  ferve  to 
“ compare  the  temperature  of  different  coun- 
“ tries.”  And  indeed  fuch  a conftru&ion  bids 
fair  for  being  a very  good  fiandard  method  for 
graduating  Thermometers  all  in  the  fame  way  ; and 
is  much  lefs  liable  to  uncertainties  than  that  fimilar 
one  of  Mr  De  Reaumur,  whereof  we  have  already 
given  an  account  *p.  However,  if  Mr  De  l’lfle 
had  pleafed,  I cannot  but  think  it  would  have  been 
rather  fomeihing  better  to  have  made  the  integer  of 
icoooo  parts,  or  fixed  point,  at  freezing  water; 
and  from  thence  to  compute  the  dilatations  orcon- 

denfations 
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denfations  of  the  quickfilver  in  thofe  parts.  All 
the  common  obfervarions  of  the  weather,  ts"c. 
would  have  been  exprefied  by  numbers  increafmg 
as  the  heat  increafed  $ which  furely  is  the  more  na- 
tural way.  Nor  would  there  have  been  great  in- 
congruity  or  inconvenience  in  exprefling,  after  the 
manner  of  Mr  De  Reaumur,  the  few  obfervations 
we  have  below  Ample  freezing  by  numbers  of  con- 
traction below  gr.  c,  or  100000. 

28.  But,  as  I faid  before  *,  however  promifing 
in  theory  fuch  a fcheme  may  appear,  it  will  not  in 
pradtice  he  found  very  eal'y  to  determine  exaftly  all 
the  diviflons  from  the  alteration  of  the  bulk  of  the 
contained  fluid.  And  beflde,  as  glafs  itfelf  is  dic- 
tated by  heat,  though  in  a lefs  proportion  than 
quickfilver,  fo  that  it  is  only  the  excels  of  the  di- 
latation of  the  contained  fluid  above  that  of  the 
glafs  that  is  obfervable  -y  if  different  kinds  of  glafs 
be  differently  affeCted  by  a given  degree  of  heat, 
this  will  make  a Teeming  difference  in  the  dilatations 
of  the  quickfilver  in  the  Thermometers  conflrucied 
in  the  Newtonian  method,  either  by  Mr  De  Reau- 
mur’s, or  Mr  De  l’lfle’s  rules.  Now  Dr  Boer- 
haave  f,  from  Fahrenheit’s  obferv.ations,  fpeaks  of 
different  kinds  of  glafs  as  very  differently  affected 
by  heat.  And  upon  inquiry  I was  informed  that 
Dr  Muffchenbroek  found  by  his  Pyrometer,  that 

tubes 
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tubes  of  different  kinds  of  glafs  were  varioufly  af- 
fe&ed,  feme  more,  fome  lefs,  by  the  fame  degree 
of  heat.  From  whence  Thermometers  conftrufted 
of  fuch  different  forts  of  glafs  would  net effarily 
make  the  feeming  dilatation  of  the  contained  fluid 
appear  at  different  degrees  in  the  very  fame  point 
of  heat.  And  accordingly  Mr  Campbell,  an  inge- 
nious and  worthy  member  of  the  Royal  Society, 
has,  by  experiments  made  with  all  imaginable  ex- 
aftnefs  and  fcrupulofity,  found,  in  Thermometers 
conflrutted  in  Mr  De  1’Ifle’s  way,  the  qufckfilver 
to  ft  and  at  different  degrees  of  the  fcale,  when  im- 
merged  in  thawing  fnow.  In  fome  it  was  at  gr. 
154,  in  others  at  156,  and  in  another  at  158:  and 
emptying  the  tubes,  and  preparing  them  again,  and 
that  fometimes  with  other  mercury,  he  always, 
even  in  a great  many  trials,  found  the  refult  come 
out  the  very  fame.  So  careful  and  exad  had  he 
been  that  the  fame  tubes  gave  always  the  fame  de- 
grees of  dilatation  as  nearly . as  could  be  expected 
in  fuch  nice  and  fubtile  experiments.  One  of  Mr 
De  rifle’s  own  Thermometers,  which  I tried  very 
carefully,  gave  me  always  the  quickfilver  at  about 
gr.  r ;o.  In  another  of  his,  where  on  the  one  fide 
he  has  put  Fahrenheit’s  fcale,  I fee  gr.  32.  over  a- 
galnft  his  own  gr.  148^-.  In  one  conftrufled  by 
Mr  De  Monier  at  Paris,  on  De  l’lfle’s  principles,  I 
faw  the  tenne  de  congelation  put  down  at  gr.  148, 
Nay,  by  Mr  De  l’lile’s  own  accounts,  I ftnd  his 
weather-glafles  difagreeing  conliderably  from  one 

another. 
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-another.  So  uncertain  and  precarious  would  this 
way  of  conftrufting  Thermometers  feem  to  be. 
From  all  which  1 humbly  think  that  it  is  better 
and  more  convenient  to  drop  this  method  altoge- 
ther, and  to  fix  on  two  points  of  heat  at  a confi- 
derabie  diilance  the  one  from  the  other;  and  to 
divide  tha  intermediate  fpnce  of  the  tube  into  a 
convenient  number  of  equal  parts  or  degrees:  as 
we  juft;  now  propofed  * to  be  done  in  our  imita- 
tions of  Roemer’s  or  Fahrenheit’s  Thermometers. 

2 6.  To  enlarge  our  views  of  heat,  and  to  enable 
ns  to  compare  other  Thermometers  with  thefe, 
(which  after  this  I wifh  were  always  to  be  the 
ftandard),  it  would  not  be  arnifs  to  obferve  a great 
many  remarkable  periods  of  heat  and  cold  that 
have  been  taken  notice  of  by  others,  and  to  deter- 
mine where  they  fall  on  Fahrenheit’s  fcale.  We 
lhould  determine  about  what  degrees  on  it  the  fe- 
veral  forts  of  weather  are  marked  : the  various  de- 
grees of  animal  heat ; what  degrees  of  heat  reduce 
i'uch  and  fuch  confident  bodies  into  a fluid  date ; 
the  quantities  of  heat  required  to  boil  the  fluids 
we  have  occafion  to  try,  &c.  But  the  comparing 
the  different  Thermometers  which  have  been  in 
ufe  in  the  world,  and  the  determination  of  the 
various  degrees  of  heat  in  bodies,  make  fruitful 
enough  fubjeOs  for  other  curious  and  nfeiul  in- 
quiries. 

THE 
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7 E had  occafion  formerly  to  take  notice  of 


the  great  uncertainty  of  thermometrical 
obfervations,  by  reafon  of  the  vague  and  inconflant 
way  that  people  had  of  making  their  inftruments. 
However,  it  will  be  worth  while  narrowly  to  in- 
quire, as  far  as  our  lights  can  carry  us,  into  the 
principles  on  which  they  were  conftrufted  ; and  if 
we  can  find  out  thefe  principles  fo  as  to  compare 
the  old  Thermometers  with  any  regular  one  we  are 
well  acquainted  with,  we  fhall  recover,  as  it  were, 
the  loft  obfervations  of  our  predeceftbrs ; loft  for 
want  of  knowing  the  meaning  of  their  numbers 
and  graduations.  And  then  obfervations  made  at 
different  times  and  places  by  any  known  inftru- 
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merits  will  be  no  longer  ufelefs  memorandums. 
We  Jhall  be  able  to  compare  them  with  one  ano-  ' 
ther,  and  with  our  own  obfervations,  and  with  the 
degrees  of  heat  we  are  acquainted  with. 

2.  As  Sanftorio  feems  to  be  the  firft  who  had  a 
notion  of  meafuring  the  various  degtees  of  heat 
by  the  dilatation  of  bodies,  people  will  be  apt  to 
expeft,  and  many  will  fondly  wi(h,  that  he  had 
left  us  his  method  of  numbering  the  degrees  of  his 
Thermometers.  Though,  to  acknowledge  the 
truth,  it  would  be  a matter  of  more  curiolity  than 
ufe,  as  they  were  affe&ed  by  the  difference  of 
weight  of  theatmofphere,  as  well  as  by  the  difference 
of  heat  of  the  ambient  medium.  To  remedy  which 
inconvenience,  the  virtuofi  of  the  Cimentin  Aca- 
demy contrived  their  Thermometers  in  a better 
way  ; carefully  fealing  up  the  included  (pirits 
from  any  influence  of  the  gravity  of  the  atmo- 
fphere ; and  marking  on  the  tubes,  or  on  the  fcales 
fixed  to  the  tubes,  numbers  whereby  to  judge  of 
the  various  dilatations  of  thofe  fpirits  by  the  various 
degrees  of  the  heat  applied. 

I am  furprifed  to  find  Dr  MuiTchenbroek  *,  who 
had  been  at  the  pains  to  give  a Latin  tranflation  of 
their  whole  work,  and  to  enlarge  and  embellilh  it 
with  excellent  additions,  reprefenting  thefe  Floren- 
tine Thermometers  as  conftruiled  in  a very  loofe, 

arbitrary 
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arbitrary  and  indefinite  way,  and  without  any  rule 
at  all.  This  is  an  imputation  to  which  they  are 
lefs  liable  than  many  others  that  came  after  them. 
They  made  them  of  feveral  forts,  tome  with  great- 
er and  fome  with  lefs  accuracy.  But  in  the  con- 
fhucling  of  thofc  in  which  they  could  moll  con- 
fide *,  they  tell  us  exprefsly  at  what  degree  the 
fpirit  flood  in  the  ordinary  cold  of  Ample  ice  or 
fnow.  Which,  as  their  experiments  were  done 
within  doors  in  Italy,  I take  commonly  to  have 
been  in  a thawing  (late,  and  confequently  to  point: 
out  to  us  the  degree  of  freezing  water,  which  we 
found  f to  be  a very  fixed  period  of  heat  and  cold, 
coinciding,  we  know  4,  with  our  gr.  32.  Thus,  in 
their  iff  fort,  this  point  of  heat  fell  at  gy.  20  § ; 
and  in  their  2d  to  about  gr.  13I  [j. 

So  then  we  have  one  fixed  and  intelligible  point 
of  heat  in  their  Thermometers,  which  is  more  than 
we  have  in  thole  of  many  others.  But  from  one 
point  we  cannot  judge  of  the  red  of  the  numbers  ; 
and  it  mull  be  confefled  their  higheif  degree  of 
heat  is  not  define!  in  a way  wre  could  have  wither!. 
They  tell  us  that  in  their  firft  or  long  Thermome- 
ter the  fpirit,  when  expofed  to  the  great  midfum- 
mer  hears  in  their  country,  role  to  wheie  they 

B)  2 marked 


* Tent.  Exp.  Acad.  Cirn  p.  5. 

t bit  I § 4, 

4 Ibid  § 24. 

4 lent.  Exp.  i^cad.  Cim  p 7. 

11  Ibid  II.  p.  }2Q, 
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market!  gr.  80  *.  And  the  fpirit  in  the  id  or 
fmaller  Thermometer  in  fuch  a heat  flood  at  gr. 
4 of  • 1 his  indeed  is  a very  incongruous  way  of 

graduating  Thermometers,  as  the  great  heat  of 
the  fummer  fun  is  fuch  an  indefinite  degree  of  heat 
in  different  days,  years,  climates,  i&c.  And  yet, 
by  good  chance,  there  is  left  us  a way  to  judge  of 
the  particular  fummer  heat  they  happened  to  pitch 
upon  ; and  of  finding  whereabouts  it  would  have 
fallen  in  a Thermometer  conflrudled  in  Fahren- 
heit’s way,  which  we  have  taken  up  as  our  flan- 
dard.  To  affirm  this  will,  I know,  be  looked  on 
at  firfl  fight  as  pretending  to  a thing  in  itfelf  loft, 
*nd  now  impracticable.  But  Borelli  and  Malpighi, 
two  curious  and  careful  obfervers  of  nature,  lucki- 
ly had  occafion  to  tell  us,  that  the  vifcera  of  fome 
hot  animals,  fuch  as  of  cows,  deer,  dfrir.  raifed  the 
fpirit  in  the  fmall  Florentine  Thermometer  to  a- 
bout  gr.  40.  the  very  degree  of  this  their  fummer 
fun  heat.  And  that  animal  heat  I find  to  coincide 
with  gr.  1 02,  or  thereabouts  in  ours.  From  which 
two  periods  of  heat  determined  in  both  Thermo- 
meters, we  can  make  a pretty  good  eftimate  of  all 
obfervations  made  by  any  of  the  regular  and  well 
conflrudled  Florentine  glaffes ; as  we  may  fee  by 
looking  on  the  table  at  No.  I,  II,  III. 

3.  The  Thermometers  that  came  to  be  ufet?  in 
the  world,  were  all  imitations  of  thefe  of  the  dca- 

demia 


* TcdL  Ebtp.  Acad.  Cim.  p.  2,  4.  •fc  Ibid,  p.  4. 
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tie  mm  dt  V Cimehto,  but  not  eonftrucled  in  fuch  a 
regular  way,  or  upon  fuch  determined  principles. 
In  France  Mr  Hubin  was  employed  in  making  them 
for  the  Academie  des  Sciences  at  Paris.  But  we 
find  they  were  not  made  all  perfectly  alike.  The 
Indian  milfionaries  * tell  us,  that  they  ufed  thofe 
that  were  graduated  lowed.  However,  we  may 
reckon  at  a medium  that  which  Mr  A montons 
gives  us  a view  of  in  the  Memoirs  f,  under  the 
name  of  the  Ancientie  Thermometre.  In  it  the 
freezing  point  was  at  gr.  25,  correfponding  confe- 
qnently  to  Fahrenheit’s  gr.  32.  and  the  heat  of 
the  cave  of  the  Obfervatory  was  gr.  50,  which  I 
know  to  be  our  gr.  53.  So  that  the  companion 
is  eafy  in  the  table  at  No.  I.  IV- 

4.  But  I know  not  many  obfervations  made  with 
this  Weather- glafr.  It  is  much  more  to  our  pur- 
pofe  to  know  the  conftrufton  of  that  very  remark- 
able one  of  Mr  De  la  Hire,  that  has  hood  in  the 
Royal  Obfervatory  at  Paris  above  thefe  threefcore 
years,  and  by  which  a regilter  of  the  weather  has 
been  conltantly  kept.  And  yet  we  cannot  but  re- 
gret that  neither  Mr  De  la  Hire  himfelf,  nor  any 
of  thofe  that  fucceeded  him  in  that  office,  have 
been  at  the  pains  exaftly  to  determine  any  two 

D 3 points 

* Mem  Acad.  Sc.  1 666. 1698.  VII.  p.  835. 

f:  Mem.  Acad.  Sc.  1703.  p 53. 
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points  of  it,  fo  as  that  we  may  be  enabled  to  imi- 
tate it;  or  compare  it  with  other  Thermometers  ; 
though  I hope  we  fhall  be  able  to  trace  it  pretty 
near  the  truth.  We  are  exprefsly  told,  that  the 
fpxrit  in  it  always  Hands  at  gr.  48.  in  the  cave  of 
the  Obfervatory  *,  correfponding  by  this  to  gr. 
53.  in  Fahrenheit’s.  And  when  it  freezes  in  the 
fields,  they  fpeak  of  their  Thermometers  handing  in 
the  open  tower  as  pointing  at  from  gr.  30.  to  gr. 
32  f:  fomething  below  which  the  real  degree  of 
freezing  would  be.  And  from  fome  concurring 
circumftances  and  obfervations,  I reckon  this  would 
fall  to  about  gr.  28.  correfponding  to  our  gr.  32. 
as  in  the  table  No.  I,  V.  We  have  an  obfervation 
of  Mr  De  la  Hire  hinifelf,  whereby  w-e  find  that 
his  gr.  28.  correfponded  with  dig.  51.  I in.  6.  in 
Mr  Amontons’s  Thermometer  f. 

5.  Mr  Amontons  made  a fine  Hep  to  fettle  an 
nniverfal  Thermometer,  had  it  not  been  for  fome 
inconveniences  of  which  we  had  occaiion  to  take 
notice  formerly  |).  In  his  the  freezing  point  was  at 
dig.  51.  tin.  6.  where  our  gr.  32  is;  and  the  heat 

of 

* Mem.  Acad.  Sc.  1700,  p.  8.  T701,  p.  10. 
1702,  p.  5.  1703,  p.  3.  1704,  p.  2.  1705,  p.  4.  1706, 
p.  3.  17C.7,  p.  2.  1708,  p.  61.  1709,  p.  3.  1710,  p. 
341. 

if  Ibid.  1702,  p.  5.  1704,0.4  1705,  p.  4.  I7'6, 
p.  3.  1707,  p.  2.  1 708,  p.  62.  1 709,  p-  3 ■ i"  to,  p- 

3 41.  1*71!^  p*  2 • 

f Mem.  Acad.  Sc.  171c,  p.  142. 

U Eh.  I.  $ 10. 
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of  boiling  water  at  dig.  73*  where  Fahrenheit’s 
'isat^r.  212  ; whence  they  can  eafily  be  compared 
together,  as  in  the  table  No.  I,  VI. 

6.  * The  Marquis  Poleni  gives  us  the  refult  of  a 
vaft  number  of  excellent  and  well-made  meteoro- 
logical obfervations,  in  which  the  heat  and  cold 
are  meafured  with  a Thermometer  condrudled  in 
Mr  Amontons’s  way.  But,  as  his  numbers  are 
confiderably  different,  I thought  it  well  worth 
while  to  give  a fcheme  too  of  his  Thermometer 
in  the  table  at  No.  VII. 

7.  Mr  de  Reaumur  was  very  fenfible  of  the  dif- 
ficulties of  Mr  Amontons’s  conflrudion,  and  pro- 
pofed  a new  and  more  certain  way,  as  he  thought,, 
of  making  Thermometers.  He  determined  to  be- 
ginhisfcale  at  freezing  water,  and  at  boiling  wa- 
ter marking  gr.  80,  dividing  the  intermediate  fpace 
of  the  tube  into  fo  many  equal  parts.  I have  on 
another  occafion  f given  my  reafons  for  thinking 
he  was  in  fome  miftake  with  refpeft  to  both  thele 
two  periods  of  heat.  But,  as  many  very  curious 
and  ufeful  obfervations  have  been  made  with  his 
Weather-glades,  it  will  be  of  fingular  ufe  to  find 
out  the  correfpondence  of  his  fcale  with  that  of 
Fahrenheit.  His  boiling-water  heat  is  really  only 
the  boiling  heat  of  weakened  fpir.it  of  wine,  coin- 
ciding 

* Phil.  Tranf.  42 T.  p.  205. 

f EfT.  J.  $ 20.  2 1 . 
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ciding  nearly,  as  I guefs,  with  Fahrenheit’s  gr. 
180,  and  as  his  gr.  10-4.-  is  the  conflant  heatof  the 
cave  of  the  Oofervatory  *4  or  our  gr.  53.  thence  I 
find  his  freezing  point,  inftead  of  aniwering  juit 
to  our  gr.  32,  to  be  fomethjng  above  gr.  34,  as  in 
the  table  No.  1,  VIII  f. 

8.  On 

* Mem.  Acad.  Sc.  1730.  p.  503. 

f The  French  at  prefent  ufe  a Thermometer, 
which  goes  by  the  name  of  Reaumur’s  Thermometer, 
very  different  from  this  which  the  Author  defciibes.  It 
is  filled  with  mercury,  has  o for  the  freezing  point,  and 
80  for  boiling  water.  So  that  o of  the  modern,  or  mer- 
curial Reaumur’s  Thermometer,  correfponds  with  o 
of  the  old  Reaumur’s  Thermometer,  and  32  gr. 
of  Fahrenheit’s  ; but  80  gr.  of  the  mercurial  Reaumur’s 
correfponds  with  212  gr.  Fahrenheit’s.  One  degree  of 
Reaumur’s  mercurial  Thermometer  is  equal  to  2f  de- 
grees of  Fahrenheit’s  ; but  to  fave  the  reader  the  trou- 
ble of  computation  the  following  table  isfubjoined,  firew- 
ing the  correfpouding  degrees  of  Fahrenheit’s  fcale  for 
every  one  of  Reaumur’s. 


R.  F. 

R.  F. 

R.  F. 

O 

II 

Oo 

N) 

9 = 52.25 

M 

UO 

II 

\-n 

1 = 34-25 

10  = 54.5 

19=74.75 

2 = 36.5 

11=56.75 

20=77 

Co 

II 

CO 

00 

•vjf 

12  = 59 

2 1 = 79.25 

4=41 

13  = 61.25 

22  = 81.5 

5 = 43-25 

14=63  5 

23=83.75 

6=455 

15  = 65.75 

24=86 

7 = 47-75 

16=68 

25—  88.25 

O 

II 

00 

17  = 70.25 

26=90.5 
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8*  On  principles  very  like  thofe  of  Mr  De  Reau- 
mur, Mr  De  l’lfle  conllru&ed  his  mercurial  Ther- 
mometer : but,  inflead  of  freezing  cold,  he  began 
his  fcale  at  the  heat  of  boiling  water,  and,  invert- 
ing the  common  order,  marked  downwards  the- 
feveral  degrees  according  to  the  condenfations  of 
the  contained  quickfilver,  and  confequentiy  by 
numbers  increafing  as  the  heat  decreafed.  This, 
as  I obferved  *,  was  not  in  all  glades  fo  uniform 
as  were  to  be  wilhed.  But  as  in  Mr  de  1'Ifle’s 

own 


R.  F. 

27=  92.75 
38=  95 
29=  97.25 

3°=  99 -5 
3 1 = icr.75 
32=104 
33=  106.25 
34=  108.5 
35=  uo-75 
36=113 
37=115.25 
38=1.7.5 
39  = 119.75 
40=  1 22 
41  = 124.25 
42=  1 26.5 
43=128.75 
44= '3  1 

* Eff.  I.  § 28. 
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45  = *33-25 
46=135.5 

47=  137-75 

48=  140 

49=14225 

50=144.5 

5 1 = 146.75 

52=149 

53=151.25 

54  = 153-5 

55  = 155-75 
56=  158 
57=  160  25 
58=  162.5 
59=164.75 
60=  167 

61  = 169.25 
6*=  1 7 1.5 


R F. 

63=i73-7S  , 
64=176 
65=  178.2  f 

66  = 180.5 

67  = 182.75 
68=  185 
69=  1 87.25 
70=189.5 
71  = 191.75 

72—194 

73  = 196.25 

74=198.5 

75=200.75 

76=203 

77=20  5.25 

78=267.5 

79=209.75 

8c=312 
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own  ftandards  the  freezing  point  is  near  to  his  gr. 
150,  coinciding  with  our  gr.  32,  it  is  eafy  to  com- 
pare obfervations  by  them  with  the  degrees  of  heat 
marked  in  ours  by  die  table  at  No.  I,  IX. 

9.  Mr  Crucquius  * in  Holland  has  made  many 
curious  and  accurate  meteorological  obfervations 
with  an  air  Thermometer.  In  freezing  water  the 
whole  volume  was  1070,  in  boiling  water  1510; 
fo  as  to  render  it  very  eafy  to  collate  his  Thermo- 
meter with  Fahrenheit’s  by  the  table  No.  I,  X. 

10.  The  mod  common  Thermometers  in  Eng- 
land are  thofe  made  (and  commonly  very  carelefsly 
made)  after  the  ftandard  one  kept  in  the  Royal 
Society  : and  many  fafhioned  on  this  plan,  by  order 
of  the  Society,  have  been  fent  into  foreign  parts  to 
eflablifh  a correfpondence  of  obfervations  concern- 
ing the  weather  in  different  countries : for  which 
reafon  it  is  the  more  incumbent  on  us  to  find  out 
the  principles  of  its  conftruciion,  fo  as  to  enable 
us  to  compare  it  with  other  Thermometers.  The 
fcale  begins,  or  gr.  o is  marked  at  the  top,  I know 
not  well  upon  what  grounds,  and  thence  the  num- 
bers increafe  downwards  as  the  heat  decrcufes. 
f In  it  it  is  faid  to  be  extreme  hot  about  the  top  of 
tile  fcale,  hot  at  gr.  25,  temperate  at  gr.  45,  and 
gr,  63  is  marked  as  the  point  of  freezi/g-  l3ut,  by 

trials 


* Phil.  Tranf.  N.  381.  p.  4. 

f Ibid.  N.  429,  p.  103.  N.  433,  p.  337.  339-  N.  434* 
F-  47 °- 
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trials  made  with  fome  Thermometers  that  had  been 
adjulled  pretty  exactly  with  the  ftandard  one  in  the 
Society-houfe,  I found  that  the  fpirit  fell  to  about 
gr.  78  or  79  in  thawing  fnow ; near  14  degrees 
lower  than  what  had  hitherto  been  reckoned  ; and 
this  increafes  the  wonder  Hill  more,  how  Dr  Cy- 
rilli  * fhould  have  found  the  freezing  point  at  Na- 
ples fo  high  as  gr.  55,  if  his  Thermometer  was 
truly  adjufied  to  the  ftandard. 

But,  to  compare  this  Thermometer  with  thofe 
of  other  people,  it  is  necedary  to  find  out  where 
they  correfpond  in  fome  other  period  of  heat.  What 
is  marked  hot  or  temperate , £sV.  on  it,  is  indeed 
very  equivocal.  But,  to  put  an  end  to  the  uncer- 
tainty, I tried  and  found  by  experience,  that  gr. 
34^  anfwered  to  gr.  64  in  ours  : from  whence 
their  agreement  is  eafily  determined  for  all  the  reft; 
of  the  l'cale  as  in  the  table,  at  No.  I,  XI. 

1 1.  Sir  Ifaac  Newton  j-  faw  very  well  how  vague 
and  uncertain  all  the  Thermometers  in  common 
ufe  were  ; and  therefore  he  contrived  a new  one, 
which  1 am  furprifed  has  gained  fo  little  ground  in 
the  world,  as  it  is  fo  fimple  and  fo  eafily  imitated. 
You  but  begin  your  fcale  at  freezing,  and  the  dis- 
tance from  th-xt  to  the  heat  of  boiling  water  you 
divide  into  34  equal  parts  or  degrees,  which,  as 
they  are  large,  may  be  fubdivided  at  pleafure. 
How  fuch  a Thermometer  anfwers  to  Fahrenheit’? 
is  feen  at  No.  I,  and  XII. 

12.  There 

* Phil  Tranf.  N.  424.  p.  336.  N.  434.  p.  407. 

t Ibid.  No.  270.  p.  824, 
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12.  There  is  a Thermometer  in  pretty  frequent 
ufe  in  England,  wherein  they  conceive  the  middle 
temperature  of  the  air  as  neither  hot  nor  cold, 
which  therefore  they  mark  gr.  o,  and  number  both 
above  and  below,  denoting  by  this  means,  as  they 
conceive,  the  degrees  of  heat  and  cold  of  the  am- 
bient medium.  Thermometers  graduated  in 
this  way  they  commonly  have  in  {loves  and 
green-houfes  for  adjufting  the  refpeflive  de- 
grees of  heat  the  various  tender  exotic  plants  re- 
quire for  maintaining  their  life  and  vigour.  I do 
not  believe  that  thefe  Thermometers  are  made 
upon  any  regular  or  fixed  principles.  They  com- 
monly indeed  mark  freezing  at  gr.  30  under  gr.  o. 
But  in  Mr  Fowler’s  regulator,  who  furnifhes  molt 
of  the  green-houfes  with  them,  he,  on  my  deiiring 
him  to  try  it,  found  that  in  melting  fhow  the  fpirit 
fell  to  about  gr.  34  under  o,  and  1 found  by  fome 
comparifons  I made,  that  his  gr.  1 6 coincided  q.  p. 
with  our  gr.  64:  fo  drat  the  whole  correfpondence 
of  this  with  Fahrenheit’s  Thermometer  is  eafily 
determined,  as  in  No.  I,  XIII. 

13.  Dr  Hales*  thought  fit  to  employ  a new 
-conftru&ion  of  a Thermometer  in  making  his  cu- 
rious experiments.  He  began  his  fcale  or  loweft 
degree  at  freezing,  or  our  gr.  3 2,  and  carried  it 
up  to  gr.  100,  which  he  marked  where  the  fpirit 
flood  when  the  ball  was  heated  in  hot  water  on 
which  wax  fwimming  firh  begins  to  coagulate.  In 

fucb 


* Veg.  Stat.  p.  37. 
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fuch  water  I found  Fahrenheit’s  Thermometer 
point  at  gr.  142  ; by  which  the  two  Thermometers 
might  eafily  be  compared.  But  by  experience  his 
gr.  100  falls  confiderably  above  our.gr.  (42.  The 
refult,  from  collating  the  two  Thermometers  toge- 
ther, is  at  No.  I,  and  XIV.  At  a fpring-head  the 
De&or  found  his  to  point  at  gr.  13.  while  ours 
Hood  at  gr.  48  *. 

14.  At 

* There  is  a mercurial  Thermometer  that  is  gra- 
duated in  the  fame  manner  as  this  of  Hales,  namely  hav- 
ing o for  the  freezing  point,  and  too  gr,  for  the  boil- 
ing water  point.  This  Thermometer  is  ufed  by  the 


Swedifh  chemift 

s and  philofphers. 

One  degree  of  this 

fcale  is  equal  to  1 

of  Fahrenheit’ 

s.  Hence  the  fol- 

lowing  table  of  comparifon. 

- 

S.  F. 

S F. 

S F. 

0=  32 

15=59 

30=  86 

> = 33S 

16=  60.8 

31=  87.8 

2 = 35.6 

17=62. 6 

32=  89.6 

3 = 37-4 

18=64.4 

33=  9!-4 

4=39-2 

19=66.2 

34=  93-2 

5 = 41 

20=68 

35=  95 

6=42.8 

2 1=69.8 

36=  96.8 

7 = 44.6 

22=71.6 

37=  98.6 

8 = 46.4 

23=73.4 

38=  100.4 

9 = 48.2 

24=75.2 

39=  102.2 

10=  50 

25=77 

40=  104 

11  = 51  8 

26=78.8 

41  = 105  8 

12=53.6 

27=80  6 

42=  107.6 

*3=55-4 

26=82.4 

43  = 109.4 

14  = 57-2 

29=84.2 

44=11 1.2 
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14.  At  Edinburgh  they  have  for  thefe  many 
years  kept  a very  exadl  regifter  of  the  weather, 
part  of  which  is  already  publifhed  in  their  Medical 
EfTtys : for  which  it  is  well  worth  while  to  find 
out  its  relation  to  other  Thermometers  ; which, 
from  what  the  authors  tell  us,  is  eafily  done  : for, 
* when  the  bulb  was  immerged  in  melting  fnow, 
the  fpirit  flood  8.2  inches  high,  the  heat  of  the 
human  fkin  railing  it  to  22.2  inches;  fo  that  the 
intermediate  14  was  divided  into  inches  and  tenths 

of 


s.  F, 

S.  F. 

S.  F. 

*5  = iJ3 

■ 

64=147.2 

83  = 181.4 

46=.  1 14.8 

65=149 

84=  183.2 

47=  1 16.6 

66=150.8 

85=185 

48=  1 18.4 

67=152  6 

86=186.8 

49=  1 20.2 

68=154.4 

87=188.6 

50=  122 

69=156  2 

88=  190.4 

5 I = 123.8 

70=158 

89=  192.2 

52=  125  6 

7I=I59'8 

90=194 

53=  1 27’4 

72=1 61.6 

91  = 195.3 

54=  129.2 

73=l63  4 

92  = 197.6 

55=i3i 

74=165.2 

93=199.4 

56=132.8 

75=167 

94=  201.2 

57=I3+-6 

76=168.8 

95  = 203 

58=1364 

77  = 170  6 

96=  204.8 

59=138.2 

78=172.4 

97  = 2 6.6 

60=1 40 

79=174-2 

98  = 208.4 

61=141-8 

80=176 

99=2 10.3 

62=143  6 

81  = 177.8 

100—2  12. 

63=145  4 

82=1 79.6 
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of  incite?.  And  the  heat  of  that  perfou  who  gra- 
duated it  I found  to  be  gr.  97  in  mine  ; from 
whence  the  companion  at  any  intermediate  degree 
of  heat  is  very  eafy,  as  in  No.  I,  XV. 

15.  We  have  heard  of  many  other  Thermome- 
ters, and  of  obfervations  and  regifters  of  weather 
kept  by  them.  But  they  have  been  generally  fo  ill 
limited  and  defcribed,  that  they  are  of  no  manner 
of  ufe,  and,  to  whatever  purpole  they  might  ferve 
their  authors,  are  to  us  as  if  they  never  had  been. 
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